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ABSTRACT

Author: Haselhorst, Claire, E. Masters of Agricultural Engineering
Institution: Purdue University
Degree Received: May 2018
Title: Visualization in the Teaching of Agricultural and Biological Engineering Concepts
Major Professor: Robert Stwalley
Continued innovation and design is necessary within all aspects of engineering education
to improve the quality of the field and meet the growing needs of students. The projects
discussed in this paper were designed under the principles of Bloom’s taxonomy to
improve the efficiency student learning. As concepts, processes, and devices become
more complex, interactive innovations within teaching techniques become more critical
for effective instruction. The use of these teaching methods to promote deeper and more
intuitive knowledge gains in students allow for a stronger foundation for covering the
foundational skills and methods of the engineering practice. Instructors in the Purdue
University Agricultural and Biological Engineering Department identified a need to
restructure lab materials and resources to improve student exposure to modern
technologies and practices in industry. A transmission educational trainer and a 3D
printing lab for rapid prototyping were generated to meet the instructors’ needs. These
projects were designed to enhance student efficiency through material engagement that
promotes higher levels of understanding using foundations of engineering education
design. The development and restructuring of available education resources will provide
opportunities to increase the quality of the learning environment by providing instructors
with additional resources and tools for their classrooms. Positive student responses to
these initial projects indicate a demand within the student population for these improved
educational opportunities and the potential impact of these projects in the future.
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1. INTRODUCTION

Introduction to the Visualization Resource Development Project
Education in the fields of science, technology, engineering, and mathematics (STEM) is a
difficult and demanding, but necessary, task. The rapid progress society has seen through
globalization and industrialization demands a better understanding of STEM concepts
from the students of tomorrow to meet the needs of the current market (Natarajan, 2015).
Educators in STEM fields are also competing with advancements within their own fields
as the complexity and breadth of knowledge educational programs need to provide for
students continues to increase (McComas & EBSCOhost, 2014). These fields of study
have become vital tools for the modern age as the demands of the global market and
society at large have integrated the necessity for the advancement of the quality of the
students of these fields to continue to fuels the international technological movement
(Jamison, Hyldgaard Christensen, & Botin, 2011). As the demand for these branches of
education grows, innovation within the educational process for these concepts is
necessary. Educational researchers have found stagnation within the traditional
structures commonly used in STEM education and a failure to meet the needs of students
(Siddiqui, 2014). New methods and tools must be developed to improve student
understanding and retention. The discoveries of educational researchers can be applied
to the teaching methods of STEM educators. To facilitate learning, classroom and
laboratory materials can be designed to convey information in ways improve the quality
of the student experience.

Through the use of engineering education research and learning frameworks such as
Bloom’s taxonomy, teaching resources can be developed to optimize the student learning
experience. Applications of educational theory can improve the pedagogy and assessment
within the offered courses offered to students and increase the quality of the program as a
whole. The use of visual learning to enhance the student engagement with engineering
concepts has been shown to improve understanding of difficult subjects and extend the
retention time of skills and details presented in the lesson (Brown, 2004). Technology,
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interactive experiences, and visual focused teaching aids can be used to increase the
educational experience of the student.

The projects detailed in this thesis were conducted with the theories and data behind
engineering education research to improve the quality of education within the Purdue
ABE department. The main goals of the effort were to increase exposure to applications
of advanced engineering concepts, increase access to new and emerging technologies in
engineering industry, and improve the quality of educational outreach material.
The instructor of the Agricultural Systems Management (ASM) course 34500 and the
ABE course 54500 at Purdue was dissatisfied with aspects of the learning environment of
the two classes. A restructuring of the curriculum to increase student exposure to modern
engineering technologies found in used industrial practice was identified as a necessary
innovation of the classes to improve the diversity of instructional methods and
frameworks (Sale, 2014). In an effort to improve the quality of the class materials, a
project was formed to obtain new lab experiences related to hybrid tractor transmissions.
The use of hybrid transmissions in tractors is an example of an emerging technology in
the field of agricultural engineering that is used in industry and underrepresented in the
educational material. A tractor with a hybrid transmission was donated to the
department through corporate sponsorship for educational purposes as an end result of a
capstone experience (Romesburg & Wint, 2015). The donation was disassembled and the
transmission utilized to create a new lab experience for the instructor’s classes (Ames &
Murdock, 2017). The addition of a physical example of a hybrid transmission into the
lab experience was intended to improve student understanding.

Another instructor identified there was a need to add the utilization of 3D printing
resources in the educational environment. The use of 3D printing in industrial settings
for rapid prototyping has become a standard practice. Many engineering disciplines use
3D printing technologies to reinforce difficult concepts and develop student skillsets.
Efforts were made to secure funding for the acquisition of materials needed to design and
implement a 3D printing lab. The lab was established in Fall 2016 and began to be
utilized to enhance course resources during the Spring 2017 semester. The uses of low
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cost 3D printing have value in the hands of both the students and the instructors. Student
interactions with this design tool promote a greater understanding of the methods and
uses of this widely used technology while reinforcing the design principles behind
artifacts that they are generating (Martin, Bowden, & Merrill, 2014). Additionally, the
use to 3D printing by instructors in the development of teaching models to demonstrate
key concepts in the classroom using tactile methods improves material diversity and
increases the instructor’s opportunities for innovation (Saracho-Pantoja, Montejo-Garai,
Rebollar, & Ruiz-Cruz, 2017). The access to this technology improves the diversity of
educational resources for the classroom that encourages a deeper level of engagement
with the existing course materials and expands the opportunities for students to improve
their skills in a technological practice used as an industry standard (Martin, Bowden, &
Merrill, 2014).

The final piece of the visualization effort was the development of an engaging,
educational outreach program to promote engineering education and involvement within
the area surrounding the university. An outreach program involving hydroponics has
been developed between the ABE department and a local science center. This
opportunity increased local exposure to agriculture related STEM applications and
provided new experiences for young learners. The utilization of engineering education
principles to develop material targeted toward an elementary school audience should
encourage the young students to engage with the concepts and see an advanced example
of the basic principles they have learned about in their classrooms. Community outreach
by engineering departments provides new ways to encourage future engineers and give
back to the local community.

In each of the three pieces of this project, engineering education principals advanced by
the Accreditation Board for Engineering Technology (ABET) learning outcomes were
applied to improve the quality and effectiveness of the instruction being provided (ABET,
2015). These learning outcomes are firmly rooted in the principles of Bloom’s taxonomy,
while reflecting the necessary technical skills needed to operate as an engineer in the field
(Bloom & Krathwohl, 1956). The project alignment goals for the ABET learning
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objectives can be found in Table 1, and this thesis will show that the introduced concepts
with visualization were a positive addition toward meeting these outcomes.

Research

and data collected on how people learn can be applied to improve students’ experiences.
The results of this project contribute to the value of the education provided by the Purdue
ABE department by using visualization and interactive teaching techniques to promote
and reinforce higher levels of learning.

Table 1 - ABET Learning Outcome Alignment (ABET, 2015)
Learning Outcome
“(a) an ability to apply knowledge of mathematics, science, and engineering “
“(b)an ability to design and conduct experiments, as well as to analyze and interpret
data”
“(c)an ability to design a system, component, or process to meet desired needs
within realistic constraints …“
“(d) an ability to function on multidisciplinary teams”
“(e) an ability to identify, formulate, and solve engineering problems “
“(f) an understanding of professional and ethical responsibility “
“(g) an ability to communicate effectively”
“(h) the broad education necessary to understand the impact of engineering solutions
in a global, economic, environmental, and societal context”
“(i) a recognition of the need for, and an ability to engage in life-long learning”
“(j) a knowledge of contemporary issues “
“(k)

an ability to use the techniques, skills, and modern engineering tools
necessary for engineering practice.”

This project focuses on delivering educational experiences that aid in the delivery of
educational engineering content with: (1) the development and construction of a hybrid
transmission laboratory trainer that can be used to increase student exposure to emerging
innovations in engineering while providing a resources that can be integrated into new or
existing course pedagogy; and (2) the assembly and implementation of a 3D printing lab

5
to augment efforts in the department in the development of student skill sets while
providing teaching opportunities in design and rapid prototyping.
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2. BACKGROUND AND LITERATURE REVIEW

Introduction to Engineering Education Concepts
One of the main difficulties in teaching technical subjects is the growing breadth of
information required for students to learn in the rapidly growing field (Duderstadt, 2010).
The trend in engineering education is to increase the volume of knowledge presented to
the students to keep-up with the expanding industry (Sheppard et al., 2009). This focus
on volume dilutes the students’ opportunities to develop the engineering and professional
skill sets needed to function in industry. Students are encouraged to memorize facts
instead of developing professional skill literacy and improving lifelong understanding of
engineering fundamentals (Wertz, 2013).

“Although engineering education is strong on imparting some kinds of knowledge,
it is not very effective in preparing students to integrate their knowledge, skills,
and identity as developing professionals. This lack of integration also weakens the
transfer of the engineering perspective to other areas in which engineering
graduates find employment.” (Sheppard et al. 2009)

The development of integrated curriculums can address some of these concerns. The
thoughtful design of educational experiences in the classroom can increase the learning
potential of students by increasing engagement while developing these necessary skills.
An increased use of visualization and technological exposure encourages student
engagement with presented materials and increases the potential for knowledge
absorption and exposure. These techniques address the needs for professional skill
development and increased technical knowledge by increasing the student learning
potential through engagement and exposure (Le Doux & Waller, 2016).

How Students Learn Technical Subjects
The selection of literature and informative sources for students to review in the classroom
setting can have a major impact on student understanding and development. Aligned text
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resources used as an anchor point in the classroom setting to contextualize the materials
of the curriculum and tie together the resources used promote multiple levels of learning
by adding a framework to the complexity of the course topics while maintaining clear
organization and narration that engages students (Fisher & Frey, 2015). Materials used in
STEM education need to contain this level of quality to aid in student absorption and
retention. Mindful selections and reviews should be used to keep the information in the
classrooms relevant and suitable to the needs of the students. However, the effectiveness
of presented textual information falters in the absence of class alignment. Evidence
shows that students do not significantly improve in technical subjects through reading
alone (Fisher & Frey, 2015). Table 2 summarizes the findings on the use of teaching
techniques needed to support educational reading exercise concerning topics of high
complexity. Without supplemental reinforcement in the classroom, students do not fully
engage with the materials provided. The quality of student activities in the classroom and
lab settings reinforces the quality of the printed materials provided and raises the overall
standard of learning in the class.

As technology advances and access to technical information becomes easier to acquire
and utilize, the role of the educator has evolved. Internet resources have not replaced
instructors. However, the strategies and methods of education used by instructors must
incorporate these new resources to meet the needs of current students in their classrooms
(Mupinga & Maughan, 2009). The opportunities for higher levels of learning and
multidisciplinary student development come from the integration of interactive
technology found in professional settings. The use of interactive technology in classroom
settings gives the student immediate feedback on new ideas and concepts (Mupinga &
Maughan, 2009). The increases in engagement with these ideas encourage the students to
explore the material and develop a lasting understanding of the subject. An interactive
classroom environment also allows the instructor to get feedback from the students and
provide adaptable material that meets student needs in a receptive and timely manner.
Responsive education that utilizes student feedback has been shown to improve student
performance and retention (Mälkki & Paatero, 2015).
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Table 2 – Higher level teaching techniques from “Selecting Texts and Tasks for Content
Area Reading and Learning” (Fisher & Frey, 2015)
Task

Definition

Presentation

Students use a software program such as
Keynote of PowerPoint to share
information with others

Debate

A formal conversation in which some
students take the pro side while others take
the con side, and they engage in
argumentation to determine which side
produces a more convincing argument

Writing

Responding to a prompt that allows
students to explore the topic as they
compose

Socratic Seminar

A structured class discussion with specific
guidelines, including authentic dialogue
around several open-ended questions

Research and Investigation

Conducting individual or group research,
including reading widely to answer a
question of one’s own design

The utilization of these technologies also promotes the development of professional
skills and strategies (Mupinga & Maughan, 2009.) Teaching strategies that incorporate
new and developing technologies used in industry create opportunities for student
professional development. Exposure to these technologies creates an easier transition for
students entering industry. Experience with standard industrial practices gives the
student a competitive edge in the pursuit of job placement after graduation (Stwalley,
2006).
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How to Promote Deeper and Longer Lasting Learning in Students
As engineering topics continue to advance and the demographics of engineering
classrooms increase in diversity, an educator must understand how to improve student
performance, and information retention becomes even more vital. It has been shown in
populations of students with similar educational backgrounds and preparation, the
students who have a higher engagement with the class resources through lecture, lab
experiences, office hours, and independent study, have higher performance rates,
regardless of gender (Kamphorst, et. Al., 2015). The practices and experiences of
students were evaluated by gender and economic background to measure their effect on
student engagement and performance. While there were different levels of engagement
between the groups of students, in general, the more a group of students was engaged
with an aspect of the active learning used by educators, the higher the group of students
performed. This increase in student engagement is the key to improving the quality of
the educational experience and overall student performance. Students retain the concepts
of a class longer through meaningful interactions with the material provided through the
instructor (Wnek & Williamson, 2010).

How the Use of Lecture Classes, Lab Classes, and Other Experiences Can
Reinforce What Students are Learning
The utilization of engaging, meaningful classroom experiences can have large impacts on
student understanding. Many students report that the use of hands-on learning that allows
them to visualize the concepts discussed in the course material letting them engage with
and understand the information presented to them (Meyers, 2016). The use of interactive,
visualization in educational settings promotes higher levels of learning within Bloom’s
taxonomy (Meyers, 2016). Figure 2.1 highlights one of the major findings Meyers
reported in her 2016 study on the effectiveness of the flipped classroom and using hands
on techniques to teach engineering concepts with students. While the mixed media
resource approach used in the flipped classroom design has been shown to have a positive
impact on student engagement and performance in research case studies, engineering
education researchers are hesitant to conclude that the positive effect derives from the
resource intensive flipped format or the increases in engagement through the use of hands
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on experiences (Sterner et. al., 2017). Some argue that the observed inconsistency of the
student learning experience through these methods shows weaknesses in the “out of the
classroom” teaching tools, highlighting the strengths of the in class innovations of this
methods to maintain a baseline consistency in student performance and response (Pienta,
2016).

Figure 1- Course Effectiveness Comparison from “A Course to Promote Informed
Selection of an Engineering Major using a Partially Flipped Classroom Model” (Meyers,
2016).
The levels of Bloom’s taxonomy are detailed in Table 3. Bloom’s taxonomy is widely
accepted by most educators as an illustration and framework of the different types of
learning and the quality of student understanding of difficult concepts. Educational
methods that primarily focus on reading and lectures can struggle to encourage student
engagement beyond knowledge and comprehension (Meyers, 2016). In engineering
education, this level of student development is not enough for vital engineering concepts.
The use of engaging, interactive sessions can encourage the higher levels of learning in
Bloom’s taxonomy and help students reinforce what they are learning and develop
critical skills in analysis and evaluation that can help them become effective retainers of
knowledge.
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Table 3 - Bloom's Original Taxonomy (Bloom & Krathwohl, 1956)
Knowledge

Comprehension

Application
Analysis

Synthesis
Evaluation

“The recall of specifics and universals, the recall of
methods and processes, or the recall of a pattern,
structure, or setting.”
“A type of understanding or apprehension such that the
individual knows what is being communicated and can
make use of the material or idea being communicated
without necessarily relating it to other material or seeing
its fullest implications.”
The “use of abstractions in particular and concrete
situations.”
The “breakdown of a communication into its constituent
elements or parts such that the relative hierarchy of ideas
is made clear and/or the relations between ideas
expressed are made explicit.”
The “putting together of elements and parts so as to form
a whole.”
“[J]udgments about the value of material and methods
for given purposes.”

This application of education concepts transforms the classroom from a lecture to an
apprenticeship (Le Doux & Waller, 2016). Figure 2.2 from the 2016 Le Doux and Waller
paper on the “Problem Solving Studio” classroom design depicts the student Shallcross’
Material and Energy Balance Concept Inventory scores which are used to evaluate
student understanding of conceptual course materials both in the early and late stages of
the semester. The figure illustrates the gain in the total engineering knowledge of
students before and after the interactive learning focused class discussed in the paper. If
the class had little effect on student engineering understanding, the dots in the figure
would be at or below the center line. The upward shift in the dots shows an increase in
average total knowledge of the entire class. This score helps educators evaluate the
effect of an educational experience of a student’s knowledge base that focuses more on
personal knowledge growth rather than milestones. This method allows for a more
neutral evaluation of the use of Bloom’s Taxonomy in the teaching of technical subjects
with less bias toward the preset outcomes of the individual pedagogy. The figure
demonstrates the effect of active learning and enhanced student experiences on the
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comprehension of complex engineering concepts by comparing student Concept
Inventory (CI) score improvements before and after the case study apprenticeship
experience. The CI score evaluates the total student understanding engineering
knowledge. This score measures the holistic effect of a class or a demonstration on
student knowledge of an entire program. The improved CI scores of students in this case
study illustrate the potential of encouraged application and analysis of the information
through visualization and tactile experiences allow students to utilize classroom
knowledge to solve complex engineering problems. Exposure to higher levels of
engineering skill application prepares the student to work in industry, while reinforcing
the concepts covered in class (Le Doux & Waller, 2016).

Figure 2 – Concept Inventory Space Depiction from “The Problem Solving Studio: An
Apprenticeship Environment for Aspiring Engineers” (Le Doux & Waller, 2016)
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What is Important for Students in These Classes?
Many undergraduates are leaving engineering programs out of disappointment in
instruction and loss of self-efficacy (Meyer & Marx, 2014). Increased requirements on
student outcomes, without restructured teaching techniques and aligned materials, rob the
profession of talented students. These pedagogic design flaws have direct, negative,
sociological impacts on student-instructor relationships and foster a negative educational
culture that decreases the quality of an engineering program as a whole (Vitale & Exley,
2016). Students are made to feel like they do not belong in engineering and discouraged
from pursuing the career path, if they struggle to absorb concepts in their classes (Meyer
& Marx, 2014). While STEM recruitment continues to bring more students into the
engineering field, many programs are observing decreases in the number of students
graduating with engineering degrees every year (Novak, Paguyo, & Siller, 2016). They
are made to feel unwelcome in the field and eventually become disinterested in pursuing
an engineering degree. Those who fail to achieve high academic performance believe
they are looked down upon and do not feel like they are supported by their educators or
peers (Meyer & Marx, 2014). Failures in higher level educational design decrease
student retention rates as classrooms strive to meet the demands of the field but fail to
provide the curriculum resources needed to support a diverse learning pool (Boles &
Whelan, 2017). Students who are underserved by the engineering programs and
instructors they are provided with are leaving engineering academics because they feel
that they are being “left behind” in their classes.

The quality of an educational institution is only as high as the degree of how well the
needs of its students are being met. A survey of students that had graduated from ABET
accredited universities within the last ten years had the former students evaluate the
ABET Competencies and report how valuable each was to the students now working in
industry. The most valued aspects of the ABET standards were teamwork,
communication, data analysis, and problem solving (Passow, 2012). These professional
outcomes had such a high value, because they are vital to working in industry. In the
information age, technical knowledge is easily accessed and refreshed. However, the
utilization of this knowledge in professional engineering applications requires the
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development of the earlier mentioned skills. Integrated, educational environments
develop these skills while engaging the student in the subject material during the
collegiate experience.

In the 2015 Gallup-Purdue study, only 50% of alumni responded positively when asked
in the education they received was worth the cost. The researchers conducting the study
noted that graduates from “research universities” were not significantly more likely to
respond positively to surveys than graduates from other schools. They noted that this
illuminates a missed opportunity for schools with a heavy focus on research to use the
resources available to them to improve the value of the student experience. Recent
graduates, those between 2006 and 2015, were even less likely to respond favorable to
the cost of their education and the impact their education had on their careers and salaries.
The poll found common factors alumni cited for reasons their college experience was
worth its cost. The use of engaging teaching techniques to get students excited about
learning and provide opportunities to apply classroom concepts to real world design
problems can add value for future alumni by improving the value of their experiences as
they enter the market.

The field of engineering is quickly becoming a diverse, multidisciplinary field that is
rapidly evolving into a new field of innovation and design (Hanrahan, 2009). As the
demand for engineers rises, many of the preexisting barriers to entry have been lowered
to engage new types of students and strengthen the field as a whole. Engineering can be
one of the most assessable disciplines when the use of design learning and inclusive
teaching methods are combined to effectively engage students of different demographics
(Sale, 1999). However, breadth and depth of knowledge that these new engineering
students are required to know in order to be competitive is expanding quickly. While
these new changes create new and exciting possibilities for young engineers entering the
field, the modifications to some engineering education programs to meet these changing
requirements have been slower. It is the responsibility of high quality engineering
educators to explore and detail productive techniques that provide a meaningful transfer
of engineering skills and knowledge. It is crucial that engineering education practitioners
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learn to promote lifelong understanding of the fundamentals of the field to keep the
engineering profession moving forward.
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3. VISUALIZATION RESOURCE DEVELOPMENT PROJECT

The focus of this project was to develop visual teaching resources within the Purdue ABE
department to improve the educational quality of the institution. The project consisted of
two components: the development of a hybrid transmission lab and the establishment of a
3D printing lab. The two designs were developed with the intent to promote student
engagement with the subject material by utilizing Bloom’s taxonomy to create elevated
learning opportunities for students.

Hybrid Transmission Lab Design
The first component of the visualization resource development project was the
development of an instructional lab based on the recent developments in hybrid
transmissions for tractors. Initial probing into this subject matter was conducted by the
2015 Purdue ABE Capstone Design team of ASM seniors Drew Romesberg and Jon
Wint. This team was sponsored by Case New Holland (CNH) to develop educational
material on the CVT transmission unit. The initial team assessment stated that the ideal
educational solution for educational materials on this transmission would be a working
demonstration unit to provide a hands on experience, but the time and resources available
to the capstone team made that initial choice infeasible. The team instead used smaller
plastic and battery operated demonstration pieces for their CVT lesson and worked
closely with CNH to eventually deliver useful material from their company to the
department. Figures 3.4 through 3.6 depict the 2015 team’s initial educational solution
for this problem. The first two figures display the computer model of the transmission
they chose to use. The third figure shows the demonstration model kit the team added to
their design to improve student interaction.
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Figure 3 - CVT Transmission (Romesberg & Wint, 2015)

Figure 4 - CVT (Romesberg & Wint, 2015)
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Figure 5 - Plastic Demonstration Models (Romesberg & Wint, 2015)
The project conducted by Romesberg and Wint paved a working relationship with CNH
that further developed the engineering education resources of the department. Through
their efforts, a tractor with a hybrid transmission, displayed in Figure 3.7, was donated to
the Purdue ABE department by CNH in Fall 2015 for educational purposes. Immediate
plans were formed to disassemble the tractor and use its components to create interactive
lab exercises to expose students to new innovations in the agricultural engineering
industry. The focus of this development project was to disassemble the tractor and
generate a transmission lab piece. Two ABE senior design capstone projects were
designed and sponsored to facilitate the disassembly and resource development of the
tractor.

In Spring 2016, Purdue ABE Machine Systems Engineering Senior Brittany Bezy was
assigned to plan the tractor disassembly as her capstone project, with Ms. Claire
Haselhorst assigned as the technical mentor for the project. Bezy (2016) compiled the
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necessary disassembly instructions for the tractor and designed a plan for the disassembly
and storage of the usable components of the tractor. She completed her process design
report in April 2016 and submitted it to the project advisor, Dr. Robert Stwalley. The
design plan encompassed the utilization of all of the useful components of the tractor, not
just the hybrid transmission. Bezy’s 2016 report detailed the “engine, front axle, cab and
controls, final drive, hitch, and other hydraulic systems” as areas of interest in the
donated tractor, in addition to the continuously variable transmission (CVT). The hybrid
transmission was selected as the first component from the disassembly to be repurposed
as an engineering and technology educational trainer. Dr. Stwalley indicated an interest
in the integration of the educational trainer as a tool to provide student exposure to
emerging technologies in industry while reinforcing some of the core topics in his
curriculum.

Figure 6 - Donated Hybrid Transmission Tractor (Ames & Murdock, 2017)
A third capstone team of ASM seniors Matthew Murdock and Brandon Ames was
assigned the project of disassembling the physical tractor and generating the hybrid
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transmission teaching tool in Fall 2016. Dr. Robert Stwalley served as project advisor,
and Ms. Claire Haselhorst served as technical mentor for the project. The team was
tasked with processing the donated tractor and generating the physical component of the
transmission lab. Using the disassembly instructions from the 2016 Bezy report, Murdock
and Ames disassembled the donated tractor. The major components removed from the
tractor were the cab, front axle, engine, and the transmission (Ames & Murdock, 2017).
The rear axle and hitch assembly were also retained as potential educational trainers.
After each of these components were safely removed and processed, the team created the
lab demonstration model from the salvaged transmission. Figures 3.8 through 3.11 depict
some of the disassembly milestones for the project. Figure 3.12 shows the final lab
display piece created by Murdock and Ames.

Figure 7 - Tractor with Hood, Fenders, Steps, and Battery Removed (Ames & Murdock,
2017)
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Figure 8 - Cab Being Removed from the Tractor (Ames & Murdock, 2017)

Figure 9 - Removed Tractor Engine (Ames & Murdock, 2017)
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Figure 10 - Transmission Removal (Ames & Murdock, 2017)

Figure 11 - Completed Demonstration Model (Ames & Murdock, 2017)
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3.1.1

Applications of Engineering Education for Advanced Design Concepts and
Modern Technical Applications

As discussed in Chapter 2, the use of curated experiences in the instruction of technical
subjects can be used to improve student engagement with difficult and technical subject
matter. The lab design of the hybrid transmission demonstration unit utilizes the
foundations of engineering education by creating a student experience that increases
exposure to new developments and innovations in the industrial field of their study. The
use of a physical representation of this concept will help students understand class
material by providing a hands on interaction with the material that generates a memorable
and useful learning experience (Meyers, 2016). The demonstration unit was utilized for
instruction for the first time in the Fall of 2017. The improvement in class time learning
potential allows for the space for instructors to provide information on the rapidly
expanding required knowledge base for beginning engineers, while still supplying quality
content that encourages student retention and understanding.

The resources developed in this project can be integrated into the pedagogy of a course to
provide opportunities to create innovative learning experiences for students. In Appendix
A, an example of a two session laboratory activity design is provided to illustrate the use
of these materials to meet ABET outcomes. These classroom activities focus on
improving student technology exposure, providing context for innovations within the
field, practicing ethical and responsible industrial teamwork practices, improving student
modeling skills, encouraging students to apply principles and formulas used in class to a
relevant example, and evaluating the quality of project deliverables. The specific
outcomes addressed by each session are indicated behind the learning outcomes stated at
the beginning of each lab heading.

Expansion of 3D Printing Resources and Establishment of a Printing Lab
The second component of the visualization resource development project was the
expansion of 3D printing resources within the ABE department and the establishment of
a printing lab that was accessible to students. The department had one MakerBot
Replicator and minimal 3D printing supplies before the start of the printer lab
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development project. The existing printer was rarely used and inaccessible to most
undergraduate students. Multiple professors voiced interest in integrating 3D printing
technology into their curriculum. A plan was devised to acquire enough printers and
materials to establish a teaching 3D printing lab that could be used by undergraduate
classes to improve technical skills and student engagement.

Haselhorst and Stwalley (2015) developed a proposal to purchase the needed equipment
for the lab. Although ultimately unfunded, it did lead to the solid recognition of the need
and a release of other resources toward the goal. After alternative funding was obtained,
four additional MakerBot Replicator Pluses, an inventory of print head extruders,
anprinting supply materials were purchased and assembled into the ABE lab shown in
Figure 3.13. The first large scale use of the 3D printers was in the lab portion of the
Spring 2017 ABE 33000 Design of Machine Components class, a junior level
engineering course. The labs were used to generate exposure to the rapid prototyping
methods used in machine design in industry while developing student technical skills and
promoting higher levels of learning (Bloom & Krathwohl, 1956). Anecdotal evidence
from the instructor (Stwalley –private communication, 2017) indicates that the printers
were successfully received as an instructional tool. As observed by the graders of the
classes where Stwalley used the 3D printers in the course pedagogy, the quality of the
student’s 3D printing skills and student performance in the assessment of core class
concepts improved. In following semesters, use of the printing lab expanded beyond
direct classroom applications as students began to use the printers to develop resources
for other projects and design challenges. There are future plans to integrate the printing
lab into other ABE classes to further the opportunity for exposure and augment additional
curriculums.
A survey was conducted to gather information on the initial student reactions to the use
of 3D printing in curriculum design. The results of the survey in Appendix D indicate an
overall positive response to the use of 3D printing alongside traditional class work.
Students displayed an interest in the exploration of 3D printing techniques, applying the
skills learned in class to future engineering problems, and learning more about this
technology in the future. While this preliminary survey is not enough data to conclude
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definitive findings, this initial qualitative data indicates the potential in the future
development of these resources to improve student engagement.

Figure 12 - ABE 3D Printing Laboratory
3.2.1

Applications of Engineering Education to Improve Student Engagement and
Technical Development

The use of 3D printing goes beyond student modeling and design. An example of the
further potential of this technology is a 4-stroke engine educational model generated
completely out of 3D printed components assembled by Haselhorst detailed in Appendix
B. This model breaks down the motions of the engine and creates the opportunity for a
valuable student hands on experience after a couple of hours of printing. Educators can
generate physical examples of technology and principles for students to interact with
while reinforcing engineering techniques and methods.
The use of 3D printing in educational applications that utilize the design process as a tool
to improve student understanding greatly increases the learning potential of the classroom
by providing iterative feedback. Hands on, “real world” technology exposure provides
opportunities for higher levels of student understanding found in the higher tiers of
Bloom’s taxonomy while creating diverse avenues of skill development and assessment
that is not possible in a traditional lecture setting (Rolston & Cox, 2015). The interactive
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learning provided through the development of this lab gives instructors the opportunity to
use feedback through applications of design to evaluate the level of student understanding
of classroom content and optimize the learning environment for the class. The use of 3D
printing in rapid prototype generation and concept development in industrial practice
demonstrates the need for undergraduate student exposure to these practices and the
growing value of the 3D printing skill set for students entering into engineering
professional practice (Martin, Bowden, & Merrill, (2014).

In Appendix C, the example of 3D printing pedagogy illustrates how this technology can
be used to increase student skill sets while providing exposure to common industrial
practices. The three session example design focuses on introducing students to 3D
printing method and resources, illustrate how they are used in industry, best practices for
setting up files for printing, developing 3D models that are appropriate for 3D printing,
designing models with constraints and measurements, and evaluating the quality of
printed materials. This example is meant to clarify how this technology could be inserted
into an existing pedagogy to introduce basic 3D concepts. However, this structure could
be repeated several times with a higher level of lecture material on printing and
developed into a credited course. The ABET outcomes addressed in the example and
denoted at the end of each of the learning objectives at the beginning of each lab section.
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4. FUTURE IMPROVEMENTS AND DEVELOPMENTS

Future Improvements of Visualization Educational Resources in the Purdue
University ABE Department
As stated in Chapter 1, the field of engineering is rapidly developing and becoming more
complex. The methods and materials used to educate students entering the engineering
industry need to constantly innovate and improve to meet the needs of the market. The
volume of information instructors need to impart to their classes has grown to a point that
demands a higher level of engagement and understanding from an increasingly diverse
student population (Sale, 2014). However, the call for improved educational material
within engineering topics continues. The results of this visualization resource
development project have been intended to contribute to the effort to meet these needs.

Future ABE Projects Utilizing Donated Materials
The Purdue ABE department receives many generous donations from corporate sponsors
to enrich the learning experience of the students. While many companies donate funds or
new materials, the donation from Case New Holland was unique. The donated tractor
was a test prototype that no longer served the company any purpose. While the initial
plans for the tractor focused on the development of a transmission demonstration piece,
the leftover materials of the project still hold considerable potential. Continued curation
and stewardship of these parts will lead to the development of additional resources and
student opportunities.

Bezy reported in her 2016 document that the materials salvaged from the donated tractor
would serve as valuable mixed media resources that aid in student understanding of new
innovations in industry. The educational opportunities provided by the utilization of
these donated pieces of technology create a better learning experience for students.
Exposure to current technology used in their field of study helps prepare students
entering the job market.
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Efforts to utilize unique donations and opportunities for corporate involvement, like this
donated tractor, within the ABE department’s activities can help set the tone for future
collaborations with machinery companies.

Further Integration of 3D Printed Resources in Educational Applications
As the educators of the ABE department begin to integrate the use of the 3D printing lab
into their lesson plans, further work can be done to increase student access to modeling
resources. Instruction of 3D modeling and design conducted within the department can
be reinforced and contextualized through the use of the printing lab. The development of
technical skills in digital applications is a necessary component of the engineering
curriculum that can be challenging for some students who lack experience with similar
programs. The analytical and abstract nature of computer modeling requires a complex
depth of engagement for students to fully master. These skills and topics are
foundational to the development of student understanding in engineering applications,
and an approach that provides a well-designed delivery of stimuli and content is critical
to the cognitive development of students in engineering disciplines. Many of the classes
on these topics lack the interactive sensory feedback that 3D printing can provide. As the
use of the lab expands, department curriculums can be tailored to feed into the use of the
3D printing lab to increase the impact and effectiveness of the lab in classes where it is
used. A proposed goal for the lab is to obtain a Makerbot Z18. The availability of a
larger heated bed printer expands the potential of the lab to produce more advanced prints.
As more faculty and students become aware of the potential for 3D printing, the more
will become utilized in the daily activities of the department.

In the 3D printing classroom survey (Appendix D), students strongly indicated an interest
in learning more about 3D printing. Future expansions of lab resources could include a
series of skill sharpeners and development lectures that lay down the fundamentals of
printing that can be expanded on in current course curriculum or developed into a new
class on its own. Further data would need to be collected to gage department wide
student interest to meet the demand. An educational study could also be developed
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around these materials to evaluate the effect of 3D printing on agricultural engineering as
a whole.
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5. PROJECT CONCLUSIONS

The amount of information that engineering students must retain and understand is
rapidly expanding beyond the limits of many common teaching methods (Wertz, 2013).
Some instructors have resorted to increasing the amount of information provided in
coursework without providing the resources and experiences needed by students to
understand enough of the curriculum to succeed in their studies. Many talented students,
who could have made fantastic engineers, cannot keep-up with the flow of information in
some of these classes and leave engineering feeling incapable and discouraged. This
environment is not an optimal solution to the growing information gap. Students who
quickly memorize information and then quickly forget the information after evaluations
are rewarded under these circumstances. A deeper understanding of the principles of
design and engineering are lost within this system, and students are completing their
educational programs without the ability to apply and understand the information they on
which were evaluated.

Educational resources should aid in student engagement and create environments that
encourage exploration and growth in the subject matter. When students truly understand
basic concepts and how to apply them, the integration of advanced concepts that build on
previous knowledge becomes simpler, as the new information is supported by the
previous knowledge of the students. These principals can be applied to any subject
matter. However, they are particularly useful in the training of an engineer. The nature
of the engineering practice is to apply previously gained knowledge to a new problem
and find a solution. A deep understanding of design principles and technical knowledge
are required to obtain effective solutions. As engineering students work to develop this
understanding, the careful curation and constant improvement of educational resources to
support their exploration of complex subject matter is needed to provide a valuable
experience.

The integration of these resources into the practices of engineering instructors is vital for
the efficacy of these efforts. The resources support the information provided by

31
instructors, and instructors guide the student experience through meaningful engagement
and practice. Carefully constructed pedagogy, like the examples in Appendix A and
Appendix C, can be used in alignment to reinforce the information provided to the
classroom, and the feedback provided from the student’s experience informs the
instructor regarding the level of understanding of the student and the effectiveness of the
class. The results of these engineering visualization projects should be reflected by the
contribution of this work towards the ABET outcomes as discussed in earlier sections.
The implementation of the hybrid transmission demonstration unit and the 3D printing
lab focus on breaking down complex concepts and allowing students to explore the
difficult subjects in smaller pieces that they can relate to past experiences and gain
understanding. Each of these project pieces gives the educator an opportunity to receive
feedback and encourage active participation in the subject matter from the learner. The
implementation of projects like these can have lasting benefits for the students and
instructors using them with proper integration and support.
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APPENDIX A

6. HYBRID TRANSMISSION PEDAGOGY EXAMPLE DESIGN

The following design example illustrates how the transmission demonstration model
could be used in a curriculum to enrich the classroom experience, promote skill
development, and provide an opportunity for students to apply lecture material to a
relevant, physical article.

Hybrid Transmission Lab - Classroom Design
Duration: 2 Lab Periods
Assumed Student Skill Set: 3D Modeling Experience
Proposed Use: Machine Design Course

Lab 1 – Project Introduction
Timeframe: Near the Beginning of the Semester
Activities
-----------------------------------------------------------------------------------------------------------Learning Objectives:
Upon successful completion of this lab, students will be able to:
1. Practice maintaining industrial standards and responsibility in group work (f, d)
2. Develop accurate 3D models from collected measurements and references (a, b)
3. Collaborate with a team to produce a complex deliverable (d)
4. Engage in modern 3D modeling practices (a, k)
5. Discuss the recent developments in transmission technology presented and the
implications of these advancements on the field and the international market as a
whole (h, j)
Lecture – (20-30 min.)
•

Introduce the Hybrid Transmission model
o How it was developed
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o Technological innovations in the example
o Impact of those innovations on the final product
o Implications of these developments on a global scale
•

Introduce the Lab 1 assignment
o Outcomes and expectations
•

Outcomes – Teams measure and model assigned sections of the
transmission

•

Expectations – Teams will use the time in this lab to ask questions,
measure the relevant components of their section, take notes and
make sketches of the section they have been assigned to model

o Assessment
•

Before Lab 2, each team will submit a 3D model of their
transmission section using their collected measurements

•

A portion of their grade on this assignment will be peer evaluated
during Lab 2

•

Introduce the motivation behind Lab 1 and Lab 2
o Lab 1 will focus on the formation of teams, the collection of data, the
application of engineering soft skills in the development of a scaled model
of the artifact
o Lab 2 will use these models to apply the equations and methods used in
class to calculate the forces present in the transmission as the handle is
cranked

Lab Assignment – Student driven with minimal instructor intervention unless prompted (Rest of the period)
•

Break students into teams

•

Each team is assigned a section of the transmission (Develop a worksheet
illustrating the target section for each team)

•

Teams take turns measuring their parts of the transmission
o Required materials
•

The transmission

•

Measuring implements
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•

Starting in the lab and continuing as an out of class assignment, each team models
the section they were assigned in the lab

*Encourage teams to collaborate to get accurate measurements and work together to
have compatible models*
Lab 2 – Calculation of Forces
Timeframe: Towards the end of the semester, ideal if it can be used as a review session

Activities
-----------------------------------------------------------------------------------------------------------Learning Objectives:
Upon successful completion of this lab, students will be able to:
1. Apply engineering equations and classroom material to a practical example (a)
2. Evaluate the quality and efficacy of 3D models (k)
3. Communicate aspects of one’s work to a group and contribute to a larger task (g)
Lecture (10 – 15 min.)
•

Broadly highlight the fundamentals and equations covered in class related to the
transmission

•

Introduce the Lab 2 assignment
o Outcomes and expectations
•

Outcomes – Class works together, using the models each team
developed, to calculate the forces in the transmission as the handle
cranks

•

Expectations – Every class member must participate in the group
work

o Assessment
•

Students conduct peer evaluations on each other team’s model on
clarity

•

Students will be graded by the instructor for participation

•

Each student must submit the Lab worksheet with shown work for
each calculation
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Lab Assignment – Instructor mediated with student focused participation – (Rest of the
period)
•

Each student receives a calculations worksheet and a peer evaluation form (Both
worksheet and peer evaluation form would need to be developed)

•

Instructor leads the class in a chalkboard calculation session where instructor
mediates a series of calculations relating to the forces and interactions taking
place within the transmission as the handle is cranked: students look up equations,
the class works through the calculations together, and the answer is evaluated by
the group before moving on to the next calculation
o Students should use class notes, the team generated models, and other
related course work in this exercise

•

At the end of the session, students evaluate each team model for clarity after using
them for this assignment

*Encourage students to bring their notes and related lecture material to this lab period*
•

Materials

Development Materials
-----------------------------------------------------------------------------------------------------------•

Lab 1 Worksheet
o Based on the number of teams in the class and the skill level of the
students, develop labeled 3D sketches of the components of the
transmission that do not have measurements but clearly illustrate the
components the teams need to measure and model

•

Lab 2 Worksheet
o Align this worksheet with the lecture material of the class in the timeframe
of the scheduling of this lab
o Use this opportunity to review concepts and methods introduced
previously in class
o State sample loads to get the students started on their calculations

Potential Concepts for Evaluation:
-Calculation of Gear Forces
-Kinematic Analysis
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-System Force Analysis
•

Peer Evaluation Form
o This form is meant to give the student teams accountability to the entire
class
o Label the sections that each team worked on and use this form to assign a
minor effect on the overall team grade
o This should be a simple form that is customized for the teams currently
working on the project
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APPENDIX B

7. 3D PRINTED ASSEMBLY FIGURES

The assembly is a 3D printed 4-stroke engine demonstration piece. The figures contained
within this appendix detail the assembly process of the project. The design was obtained
from 3D printing website, Thingiverse, and was submitted by user Ray73 (Ray73, 2018).

Figure 13 – Disassembled 4-Stroke Engine Model
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Figure 14 – 4-Stroke Engine Model Front View
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Figure 15 – 4-Stroke Engine Model Side View
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APPENDIX C

8. 3D PRINTING LAB PEDAGOGY EXAMPLE

3D Printing Lab - Classroom Design/Lab Practical
Duration: 3 Lab Periods (2 to 3 hour Sessions)
Assumed Student Skill Set: 3D Modeling Experience
Proposed Use: Introduction to 3D Printing

This design could easily be expanded into a 1 credit hour course with the addition of
more project cycles and lectures on intermediate and advanced printing techniques

Lab 1 – Technology Introduction / Project Introduction

Activities
-----------------------------------------------------------------------------------------------------------Learning Objectives:
Upon successful completion of this lab, students will be able to:
1. Discuss the fundamentals of 3D printing, how it is used in industry, and the
impact of the technology on the field of engineering (i)
2. Assess potential applications of 3D printing for future projects and evaluate
between the different types (c)
3. Assemble a MakerBot print file and print that file (k)
4. Import files from other programs into the MakerBot Desktop (k)
5. Measure and collect data with a high enough accuracy for reproduction (b)
Lecture – (80 - 90 min.)
•

Introduce 3D Printing
o Fundamentals of the technology
o Industrial uses of the technology
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o Different types of 3D printing and their uses
o Introduce the printers available in the lab
•

Demonstrate the functions of the MakerBot Desktop
o Creating a new project
o Inserting existing files onto a print plate
•

File types and requirements

o Functions of the program toolbar
o Preparing a build plate to print
o Exporting a file
•

Demonstrate how to get files off of Thingiverse

•

Illustrate the programs available in the department that can be used to generate
model files that are compatible with the MakerBot Desktop
o Discuss any challenges that occur using these methods

•

Demonstrate how to use the printers
o Starting a print
o Changing filaments
o Best practices when using the machine

Lab Assignment – Student lead with Instructor supervision
•

Students select one of their belongings, preferably one with a simple shape

•

Students then take enough measurements of the object to be able to recreate the
object in 3D modeling software in a later lab
o Students who are not comfortable with modeling can select a simpler
shape while students who are looking forward to a challenge can select a
more complex subject

•

Students submit their notes at the end of the lab

Assessment – Quality of the notes (minor grade point weight)
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Lab 2 – Generating 3D Models
Conducted in a computer lab

Activities
-----------------------------------------------------------------------------------------------------------Learning Objectives:
Upon successful completion of this lab, students will be able to:
1. Develop models for 3D printing that account for the limitations of printing (a, c, k)
2. Practice industrial methods of model development to improve the efficiency and
quality of 3D printing (k)
3. Utilize self-collected references to develop an accurate model (a, c)
Lecture - (30-40 min.)
•

Discuss the optimization of a build plate assembly
o Orientation
o Spacing
o Separation of complex models into simpler print pieces

•

Benefits of these practices
o Effects on print time
o Effects on material waste

Lab Assignment – Student lead with Instructor supervision
•

Return the assignment for Lab 1 back to the students

•

Using their previous notes, students spend the rest of the class period developing
3D models to recreate the object they selected in the previous lab to scale

•

Students can submit their print files at the end of lab or before they print their files

At the end of Lab 2, students sign up for time slots outside of class when they can come
in, assemble their print files, and print their models.
The instructor holds onto the finished prints until Lab 3.
Assessment – Quality of the 3D model (minor grade point weight)
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Lab 3 – Evaluating the results

Activities
-----------------------------------------------------------------------------------------------------------Learning Objectives:
Upon successful completion of this lab, students will be able to:
1. Evaluate an iteration of a design and identify areas of improvement (k)
2. Evaluate the quality of a 3D print and discuss sources of discrepancies and errors
in a design (g)
3. Identify the limitations of 3D printing and practices to limit the effects (k)
Lecture - (10-15 min.)
•

Return the 3D prints to each student

•

Discuss general trends instructor observed in the printing process

•

Introduce lab assignment

Lab Assignment –
•

Students break into groups of 3 to 4 and reflect on:
o Project challenges
o Subverted expectations
o What they could change in a second round of development to improve the
quality of the print
o Compare the original object and the printed replica

Post Lab – Submitted 1 week after Lab 3
•

Students write and submit a professional report that details their development
process
o Explain choices they made
o Sources of errors and discrepancies between their final result
o What they would change to improve upon the quality of the print in
another design iteration
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APPENDIX D

9. 3D PRINTING LAB CLASSROOM SURVEY

The following survey and results were administered and collected on April 12, 2018. The
participants of the survey were exposed to the use of 3D printing pedagogy integration in
a Spring 2018 design class. The survey questions were formatted using the Perceived
Competence Scale (PCS) of the Self-Determination Theory (SDT) to evaluate the impact
of these practices on the student experience.
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3D Printing Classroom Survey
All survey responses are anonymous and will be used to evaluate and improve the quality
of the educational resources provided in the department’s programs. Please indicate how
trues the following statements are for you:
1
Not a all true

2

3

4

5

Somewhat True

6

7
Very True

Table 4 – Initial Survey Questions
Question
Statement
1
I feel confident in my ability to use 3D printing.
2
The 3D printing classes did not hold my attention at all.
3
I can apply what I learned using 3D printers to other material
in the course.
4
The 3D printing activities had no value for me.
5
I think 3D printing skill development is important for me.
6
I enjoyed the 3D printing activities.
7
The 3D printing part of this course was a waste of my time.
8
I can see how I would use 3D printing in future project work.
9
The information I was presented with on 3D printing was
confusing or difficult to follow.
10
I want to learn more about 3D printing.

Not True to True

1234567
1234567
1234567
1234567
1234567
1234567
1234567
1234567
1234567
1234567
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Table 5 – Survey Responses
Question
Number
1
2
3
4
5
6
7
8
9
10

Survey Responses
7
1
6
1
6
7
1
6
1
6

7
1
6
1
7
7
1
7
1
6

5
1
6
1
6
6
1
4
1
5

6
1
6
1
6
6
1
6
2
6

7
2
2
1
5
7
1
6
3
6

5
2
5
2
6
6
2
6
2
6

5
2
5
1
3
7
2
5
2
6

6
1
5
1
5
7
1
6
2
7

7
1
7
1
7
7
1
7
1
7

5
1
7
1
7
7
1
7
2
7

4
1
4
1
7
7
1
7
1
7

7
5
6
3
5
5
2
6
2
6

7
6
7
1
7
7
1
7
1
7

7
1
7
1
7
7
1
7
1
7

4
2
4
2
6
6
2
6
2
6

6
2
6
1
6
7
1
6
1
7

6
2
5
1
7
6
1
6
1
4

6
2
4
1
5
7
1
5
1
6

7
2
7
1
7
7
2
7
2
5

6
1
5
2
3
6
1
3
1
6

6
2
6
2
5
6
1
5
2
5

6
1
4
2
5
7
1
6
1
5

6
3
6
1
6
5
3
6
2
6

6
5
4
3
4
6
2
3
3
4

7
2
7
1
7
6
1
7
2
6

6
2
6
1
7
7
2
6
3
6

7
1
5
1
6
7
2
7
1
7
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Table 6 – Survey Summary Statistics
Question
Number

Summary Statistics
Average
6.074074
1.962963
5.481481
1.333333
5.851852
6.518519
1.37037
5.925926
1.62963
6

1
2
3
4
5
6
7
8
9
10

Median
6
2
6
1
6
7
1
6
2
6

Mode
6
1
6
1
7
7
1
6
1
6

Question 1
7

6

5

0%

0%

4

3

2

1

0%

7%
15%
37%

41%

Figure 16 – Question 1: “I feel confident in my ability to use 3D printing.” Responses
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Question 2
7

6

5

4

3

2

1

0%
4%

0%
7%
4%

44%

41%

Figure 17 – Question 2: “The 3D printing classes did not hold my attention at all.”
Responses

Question 3
7

6

5

4

3

2

1

0% 0%
4%
19%

22%

22%
33%

Figure 18 – Question 3: “I can apply what I learned using 3D printers to other material in
the course.” Responses
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Question 4
7

6

5

0%

0%

4

3

2

1

0%
7%

19%

74%

Figure 19 – Question 4: “The 3D printing activities had no value for me.” Responses

Question 5
7

6

5

4

3

2

1

0% 0%
7%
4%

37%
22%

30%

Figure 20 – Question 5: “I think 3D printing skill development is important for me.”
Responses
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Question 6
7

6

5

4

3

2

1

0%
0%

0%

0%

8%

33%
59%

Figure 21 – Question 6: “I enjoyed the 3D printing activities.” Responses

Question 7
7

6

5

4

3

2

1

0%
0%

0%
0%
4%

29%

67%

Figure 22 – Question 7: “The 3D printing part of this course was a waste of my time.”
Responses
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Question 8
7

6

5

4

3

2

1

0% 0%
4%
7%

33%

11%

45%

Figure 23 – Question 8: “I can see how I would use 3D printing in future project work.”
Responses

Question 9
7
0%

0%

6

5

4

3

2

1

0%
0%
11%

48%

41%

Figure 24 – Question 9: “The information I was presented with on 3D printing was
confusing or difficult to follow.” Responses
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Question 10
7

6

5

0%

0%

4

3

2

1

0%

7%
30%

15%

48%

Figure 25 – Question 10: “I want to learn more about 3D printing.” Responses

